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ABSTRACT 
The purpose of t h i s  program was t o  deve lop  an e f f i c i e n t  s y n t h e t i c  
chemical r o u t e  f o r  t h e  p r e p a r a t i o n  of a l k y l  e s t e r s  of a! -cyanosorb ic  
a c i d  (1-cyano-hexadienoic a c i d )  as i n t e r m e d i a t e s  i n  s e l f - s e a l a n t  poly- 
m e r i z a t i o n  s t u d i e s .  The in-house i n v e s t i g a t i o n  of t h e  d i r e c t  and i n d i r e c t  
e s t e r i f i c a t i o n  of  a -cyanosorb ic  ac id ,  employing s t a n d a r d  and non- 
conven t iona l  t echn iques ,  h a s  r e s u l t e d  i n  the  development of a s a t i s f a c t o r y  
procedure f o r  the  p r e p a r a t t o n  of E-butyl-CX - cyanosorba te  and 2 - a m y l - a -  
cyanosorba te  i n  y i e l d s  approaching 90 p e r c e n t .  P a r a l l e l  s t u d i e s  which 
were i n i t i a t e d  by the  Research and Technology D i v i s i o n  of the A i r  Force 
Systems Command, Wright -Pa t te rson  A i r  Force Base, Ohio, (ASD) under 
Government Work Order H-71461, have r e s u l t e d  i n  the p r e p a r a t i o n  of 
- n-bu ty l -  a -cyanosorba te  i n  Somewhat lower y i e l d s  w i t h  concomitant longer  
r e a c t i o n  p e r i o d s .  The s y n t h e t i c  procedures  developed i n  both  i n v e s t i -  
g a t i o n s  a r e  d i scussed  i n  d e t a i l  i n  t h i s  r e p o r t ,  and chemical and s p e c t r a l  
d a t a  a r e  p re sen ted  t o  v e r i f y  the  i d e n t i t i e s  of the  e s t e r s  formed i n  the  
v a r i o u s  r e a c t i o n s .  
Th i s  program e s t a b l i s h e d  t h a t  t h e  d i r e c t  e s t e r i f i c a t i o n  o f a - c y a n o -  
s o r b i c  a c i d  i s  q u i t e  f e a s i b l e  and i s  a much p r e f e r r e d  r o u t e  t o  the  
i n d i r e c t  e s t e r i f i c a t i o n  through p r e p a r a t i o n  of such i n t e r m e d i a t e s  a s  
t h e  cor responding  a c i d  c h l o r i d e s  and sodium s a l t s .  
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SUMMARY 
Much i n t e r e s t  has  developed r e c e n t l y  i n  the chemis t ry  of v a r i o u s  
a l k y l  e s t e r s  of 
monomers capable  of undergoing base c a t a l y z e d  po lymer i za t ion  t o  f a i r l y  
h i g h  molecular  weight  polymers. The p h y s i c a l  and chemical p r o p e r t i e s  
of t h e s e  e s t e r s  make them a t t r a c t i v e  a s  c a n d i d a t e s  f o r  monomers t o  be 
u t i l i z e d  a s  s e l f - s e a l a n t s  i n  a space environment i n  which s p e c i f i c  
components of a v e h i c l e  a r e  c o n t i n u a l l y  sub jec t ed  t o  bombardment by 
micrometeoro ids .  The s y n t h e s i s  of t h e s e  a l k y l - a  -cyanosorba te  d e r i v a t i v e s  
has  r ece ived  l i t t l e  a t t e n t i o n  u n t i l  r e c e n t l y .  
a - cyanosorb ic  acid because of  t h e i r  p o t e n t i a l  v a l u e  a s  
Th i s  r e p o r t  summarizes (1) the s t a t u s  of  an i n t e r n a l  suppor t  program 
which is  d i r e c t e d  toward t h e  s y n t h e s i s  of a l k y l  d e r i v a t i v e s  of a -cyano- 
s o r b i c  a c i d  and (2) the  s t a t u s  of a more conce r t ed  p a r a l l e l  e f f o r t  by 
t h e  Research and Technology Div i s ion  of  the A i r  Force Systems Command, 
Wr igh t -Pa t t e r son  A i r  Force  Base, Ohio, (ASD) under Government Work Order 
H-7 146 1. 
These two a l l i e d  programs have demonstrated t h a t  v a r i o u s  a l k y l  e s t e r s  
of a - c y a n o s o r b i c  a c i d  can  be prepared very  e f f i c i e n t l y  i n  a two-step 
s y n t h e t i c  sequence invo lv ing  inexpens ive  and r e a d i l y  a v a i l a b l e  s t a r t i n g  
m a t e r i a l s .  
a r e  q u i t e  s a t i s f a c t o r y  f o r  conversion t o  h i g h  molecular  we igh t  polymers. 
Subsequent work by the A i r  Force has  shown t h a t  t h e  e s t e r s  
INTRODUCTION 
The molecular  s t r u c t u r e  of  the e s t e r s  of a - cyanosorb ic  a c i d  i n  which 
t h e  s t r o n g l y  e l e c t r o n e g a t i v e  n i t r i l e  group i s  a t t a c h e d  t o  the a -carbon 
atom of  a conjugated  1 ,3-d iene  system l ends  i t s e l f  t o  t h e  s p e c u l a t i o n  
t h a t  a base c a t a l y z e d  a d d i t i o n  polymer iza t ion  r e a c t i o n  of  t h e  e s t e r s  
would be q u i t e  f e a s i b l e .  Pre l iminary  po lymer i za t ion  exper iments  employing 
o r g a n i c  bases  such a s  t r i e thy lamine  w i t h  E-bu ty l - a  -,cyanosorbate demon- 
s t r a t e d  t h a t  a d d i t i o n  polymer iza t ion  of t h e  monomeric e s t e r s  can be 
e f f e c t e d  i n  t h i s  manner. 
The p r e p a r a t i o n  of a l k y l  e s t e r s  of a -cyanosorb ic  a c i d  , h a s  n o t  
r e c e i v e d  p a r t i c u l a r  a t t e n t i o n  over the p a s t  t h i r t y  y e a r s  a l though a 
method e x i s t e d  f o r  t h e  p r e p a r a t i o n  of a -cyanosorb ic  a c i d  ( r e f .  1). 
The a c i d  w a s  n o t  produced commercially u n t i l  s e v e r a l  y e a r s  ago when the  
Wyandotte Chemical Corpora t ion  prepared  s i z a b l e  q u a n t i t i e s  under c o n t r a c t  
t o  t h e  Aeronau t i ca l  Systems D i v i s i o n  of the  A i r  Force.  
i s  n o t  making the a c i d  commercially a t  t h i s  t ime. 
However, Wyandotte 
I n  the planned s tudy  of the  p r o j e c t e d  s y n t h e s i s  of t h e  a l k y l  e s t e r s  
of a - c y a n o s o r b i c  a c i d ,  i n i t i a l  emphasis was p laced  on developing  a 
s a t i s f a c t o r y  procedure f o r  the  p r e p a r a t i o n  of the a c i d  i t s e l f .  Th i s  phase 
was completed s u c c e s s f u l l y  w i t h  t h e  s y n t h e s i s  of the  a c i d  i n  h i g h  y i e l d s  
based on a m o d i f i c a t i o n  of the  methods r e p o r t e d  i n  the  l i t e r a t u r e  
( r e f .  1 and 2 ) .  
The e s t e r s  of the a c i d  were prepared  by a v a r i e t y  of methods; some 
gave the  d e r i v a t i v e s  i n  low y ie ld ,  and o t h e r s  a f fo rded  the  c rude  
products  i n  n e a r  q u a n t i t a t i v e  y i e l d .  The methods employed bo th  by Marsha l l  
Space F l i g h t  Center  and by the  A i r  Force under Government Work Order 
H-71461 a r e  desc r ibed  i n  d e t a i l .  Adequate p h y s i c a l  and s p e c t r a l  p r o p e r t i e s  
a r e  g iven  t o  suppor t  t h e  molecular  s t r u c t u r e s  of the  s y n t h e s i z e d  e s t e r s .  
The author  wishes t o  thank M r .  John Barnes ,  M r .  Thomas H. Arnold,  
and M r s .  Sara K.  C o r b i t t  of t h e  Chemistry Branch of  the  M a t e r i a l s  D i v i s i o n  
f o r  t h e  microanalyses  and s p e c t r a l  d e t e r m i n a t i o n s  
a l k y l  e s t e r s  of  a - cyanosorb ic  a c i d .  
of the  syn thes i zed  
STATE -OF - THE -ART I 
Hamann ( r e f .  1) r e p o r t e d  a method of p r e p a r a t i o n  of a - c y a n o s o r b i c  
a c i d  i n  1937 through the  base  c a t a l y z e d  a l d o l - t y p e  condensa t ion  of 
crotonaldehyde w i t h  sodium cyanoace ta t e .  L a t e r ,  Andrews e t  a l .  ( r e f .  2) 
desc r ibed  the p r e p a r a t i o n  of  the  same a c i d  through a m o d i f i c a t i o n  of 
t h e  method of Hamann and a l s o  r e p o r t e d  the  p r e p a r a t i o n  of i t s  e t h y l  
e s t e r .  The l a t t e r  compound was syn thes i zed  through the  condensa t ion  of  
e t h y l  cyanoace ta te  w i th  c ro tona ldehyde  i n  t h e  presence  of p i p e r i d i n e .  
Andrews r e p o r t e d  i s o l a t i n g  two isomers of t h e  e t h y l  e s t e r :  a s o l i d ,  
m e l t i n g  p o i n t  57-58"C7 and a l i q u i d ,  b o i l i n g  p o i n t  122"C/9 mm. 
E a r l i e r ,  Cawley e t  a l .  ( r e f .  3 )  r e p o r t e d  t h e  p r e p a r a t i o n  of the  
methyl e s t e r  through t h e  r e a c t i o n  of t h e  s i l v e r  s a l t  of  the  a c i d  w i t h  
m e  t hy1  iod ide .  
The Wyandotte Chemical Corpora t ion ,  under t h e  p r e v i o u s l y  mentioned 
c o n t r a c t  wi th  the A i r  Force,  p repared  the  E - b u t y l  e s t e r  of t h e  a c i d  by 
an undisc losed  s y n t h e s i s .  
cyanosorba te  then were supp l i ed  t o  the  A i r  Force  f o r  s tudy .  
The a - c y a n o s o r b i c  a c i d  and t h e  ; - b u t y l - a -  
Hamann ( r e f .  4 )  s t u d i e d  the  base  c a t a l y z e d  p o l y m e r i z a t i o n  of  the  
a l k y l  e s t e r s  of a - cyanosorb ic  a c i d  and proposed a mechanism of r e a c t i o n  
2 I 
whereby t h e  s t r o n g l y  e l e c t r o n e g a t i v e  n i t r i l e  group on t h e a  -carbon 
atom gave r i se  t o  an  i n d u c t i v e  e f f e c t  th roughout  t he  l eng th  o f  t he  
conjugated  c h a i n  which enabled a t t a c k  by an  OH- on the  t e rmina l  methyl  
group wi th  a b s t r a c t i o t l  of one of the p ro tons .  
of t h i s  r e p o r t  t o  e l a b o r a t e  on Hamann's proposed mechanism f o r  t h e  
a d d i t i o n  po lymer i za t ion  of  t h e  e s t e r s  of  a - cyanosorb ic  a c i d ;  r e f e r e n c e  4 
should  be consu l t ed  f o r  a d e t a i l e d  account  of h i s  s t u d i e s .  
I t  i s  beyond t h e  scope 
I . -  
EXPERIMENTAL 
P r e p a r a t i o n  of  a-Cyanosorbic  Acid 
a-Cyanosorbic  a c i d  was prepared by a m o d i f i c a t i o n  of t he  method of 
Andrews e t  a l .  ( r e f .  2 )  through the base  c a t a l y z e d  condensa t ion  of 
c ro tona ldehyde  wi th  the  sodium s a l t  o f  cyanoace t i c  a c i d .  
- 
Y H H  OH 
CH3 - C = h - h = 0 + NCCH2C00Na E. 
- COONa + H20 
H a P 
2 CH3 - 
2 CH3 - C = 8 - 
= k - C = C - COONa + H2S04 
H CN 
= C - COOH + Na2S04 
A t y p i c a l  p r e p a r a t i o n  i s  r ep resen ted  by the  fo l lowing  procedure:  
cyanoace t i c  a c i d  (94.4 g,  1.11 moles) was d i s s o l v e d  i n  500 m l  of water  
and cooled  wi th  s t i r r i n g  t o  10°C.  
por t ionwise  sodium hydroxide p e l l e t s  (44 g ,  1.11 moles)  a t  such a r a t e  
t h a t  t he  tempera ture  of  t he  s o l u t i o n  d i d  n o t  exceed 35'C. When a l l  of 
t h e  sodium hydroxide had been added, any a d d i t i o n a l  base was added t o  
a d j u s t  t he  pH of t h e  s o l u t i o n  t o  6-7.  ( I t  i s  ex t remely  impor tan t  t h a t  
t h e  pH of  t h i s  s o l u t i o n  not exceed 7 a t  t h i s  p o i n t . )  When the  s o l u t i o n  
was a t  pH 6-7, t he  temperature  of t h e  s o l u t i o n  was lowered t o  10°C, and,  
a s  s t i r r i n g  was cont inued ,  crotonaldehyde (77.8 g ,  1.11 moles)  was 
added i n  one p o r t i o n .  While the r e s u l t i n g  two-phase s y s t e m  was main ta ined  
a t  a tempera ture  of 10°C, a d i l u t e  aqueous s o l u t i o n  (207,) of sodium 
hydroxide  was added dropwise;  s t i r r i n g  cont inued  u n t i l  a pH o€  S was 
o b t a i n e d .  It was necessa ry  t o  check the  pH o€ t he  s o l u t i o n  a f t e r  t h e  
a d d i t i o n  of  eve ry  t h r e e  t o  fou r  d rops  t o  ensure  t h a t  a pH S was n o t  
exceeded.  When the  s p e c i f i e d  pH was a t t a i n e d ,  a one-phase system 
developed Tjith a concomitant  ye l lowish  c o l o r a t i o n  of  t he  s o l u t i o n .  
A d d i t i o n a l l y ,  t h e  temperature  of t h e  s o l u t i o n  rose  t o  25-30'C. 
To t h e  s t i r r e d  s o l u t i o n  was added 
3 
The cool ing  ba th  was removed from the  system a t  t h i s  t ime,  and the  
s t i r r e d  s o l u t i o n  was allowed t o  s lowly a t t a i n  room tempera ture ,  a f t e r  
which i t  was s t i r r e d  ove rn igh t .  The aqueous s o l u t i o n  then  was e x t r a c t e d  
w i t h  two 100-ml p o r t i o n s  of e t h e r ;  a t  t h i s  p o i n t ,  no unreac ted  c r o t o n a l -  
dehyde could be d e t e c t e d  through i t s  l ach ryxa to ry  cha . rac te r .  The e t h e r  
e x t r a c t s  were d i sca rded ,  and t h e  r e a c t i o n  s o l u t i o n  was cooled i n  an  ice 
ba th  by s t i r r i n g .  
ac id  u n t i l  t he  mixture  was a c i d i c  t o  pH paper ;  then  t h e  s o l u t i o n  was 
allowed t o  s tand  a t  10-15°C f o r  s e v e r a l  hours .  
removed by f i l t r a t i o n  and washed wi th  i ce -co ld  w a t e r ( f i v e  100-ml p o r t i o n s ) .  
A f t e r  dry ing  Qvern igh t  i n  vacuo over  phosphorous pentoxide ,  t he  crude 
a -cyanosorbic  a c i d  was r e c r y s t a l l i z e d  from an  e thano l -wa te r  s o l u t i o n  
(1:4)  t o  give 126.1 g (83%) of long ye l lowish  need le s ,  m e l t i n g  p o i n t  
To the c h i l l e d  s t i r r e d  s o l u t i o n  was added 6PJ s u l f u r i c  
P r e c i p i t a t e d  s o l i d  was 
169-170°C. 
I P r e p a r a t i o n  of  ;-Butyl C h l o r o s u l f i t e  
The procedpre of  Newman and Jones  ( r e f .  5 )  was used t o  p repa re  t h i s  
a l k y l  ch lo rosu l f  i t e .  
Ana lys i s :  Calcu la ted  f o r  C7H7NO2: C ,  61.30;  H, 5 .15 ;  N ,  1 0 . 2 2 ;  N.E., 137. 
Found: C ,  6 0 . 9 4 ;  H, 5 . 5 0 ;  N .  9 . 9 5 ;  N .E . ;137 .  
I 4 
The i n f r a r e d  spectrum of t h e  a c i d  i s  i l l u s t r a t e d  i n  FIG 1. For 
comparat ive purposes ,  the  i n f r a r e d  spectrum of a -cyanosorb ic  a c i d  
syn thes i zed  by the  A i r  Force i s  shown i n  FIG 2 ,  and the  DTA curve of  
t h a t  a c i d  i s  i l l u s t r a t e d  i n  FIG 3 .  
I 
P r e p a r a t i o n  of Sodium a-Cyanosorba te  
The sodio  s a l t  of the  a c i d  was prepared  through a s imple n e u t r a l i z a -  
t i o n  of t h e  ac id  i n  95 pe rcen t  e t h a n o l :  
H H  CN 
- k = h - ! = k - COONa + H20 CH3 
The fol lowing procedure a f fo rded  the  s a l t  i n  n e a r  q u a n t i t a t i v e  y i e l d :  
a s o l u t i o n  of sodium hydroxide (8 .0  g ,  0 .2  mole) i n  200 m l  of 95% e t h a n o l  
was added i n  p o r t i o n s  t o  a s t i r r e d  s o l u t i o n  of  a - c y a n o s o r b i c  a c i d  
(27.4 g ,  0 .2  mole) i n  200 m l  of 95% e t h a n o l .  The r e s u l t i n g  s o l u t i o n  was 
concen t r a t ed  i n  vacuo, and the  r e s i d u a l  cream-colored s o l i d  was d r i e d  t o  
c o n s t a n t  w e i g h t  i n  a vacuum oven a t  60°C over  phosphorous pen tox ide .  
There were 31.2 g (98%) of t h e  sodium s a l t  o b t a i n e d  which was n o t  f u r t h e r  
p u r i f i e d  o r  c h a r a c t e r i z e d .  
0 
I *  C4Hg0 - 8 - C 1  4- H C 1  -C4HgOH + S0Cl2 
To r e d i s t i l l e d  t h i o n y l  c h l o r i d e  (280 g,  2 .34 moles) ,  cooled t o  O°C, 
was added dropwise,  w i th  s t i r r i n g ,  anhydrous ;-butyl a l c o h o l  (148 g ,  2 .0  
moles) ;  t h e  tempera ture  was maintained below 15°C. 
was allowed t o  s t and  a t  room temperature  f o r  48 hour s .  The excess  t h i o n y l  
c h l o r i d e  was removed under  reduced p r e s s u r e ,  and the  r e s i d u e  on d i s t i l l a t i o n  
y i e l d e d  295 g (94%) of ;-butyl c h l o r o s u l f i t e ,  b o i l i n g  p o i n t  72-74°C a t  
28 nun. 
The s o l u t i o n  then  
P r e p a r a t i o n  of  a-Cyanosorbyl  Chlor ide  
The p r e p a r a t i o n  of t h e  a c i d  h a l i d e  of a - c y a n o s o r b i c  a c i d  w a s  
accomplished through t h e  use of excess  phosphorous t r i c h l o r i d e :  
H H CN 
3 CH3 - = k - k = k - COOH + PC13 \ 
E" P H J ?  3 C H ~  - c = k - 6 = - coci 4- H ~ P O ~  
a-Cyanosorbic a c i d  (27 .4  g,  0 . 2  mole) was added t o  100 m l  of 
phosphorous t r i c h l o r i d e ,  and t h e  mixture  was hea ted  t o  r e f l u x  (76°C) f o r  
f o u r  hour s  w i t h  the  system p ro tec t ed  from a tmospher ic  moi s tu re .  During 
t h e  h e a t i n g  p e r i o d ,  the  s o l i d  s lowly went i n t o  s o l u t i o n  a s  t h e  a c i d  
c h l o r i d e  was formed. A v igo rous  e v o l u t i o n  of hydrogen c h l o r i d e  occurred  
throughout  the  r e f l u x  p e r i o d ,  presumably because of the  r e a c t i o n  of t he  
p roduc t ,  or tho-phosphorous a c i d ,  w i th  t h e  excess phosphorous t r i c h l o r i d e .  
A f t e r  fou r  h o u r s , a l l  s o l i d  had gone i n t o  s o l u t i o n ,  and the  r e s u l t i n g  
one-phase system was concent ra ted  i n  vacuo t o  remove excess  phosphorous 
t r i c h l o r i d e  . 
The c rude  a c i d  c h l o r i d e  w a s  ob ta ined  a s  a n  ex t remely  mois ture-  
s e n s i t i v e  ye l low b i l .  D i s t i l l a t i o n  i n  vacuo of  the  crude m a t e r i a l  a f f o r d e d  
24.9 g (80%) of product  a s  a ye l lowish  o i l  a t  95"-1OO0C/0.15 mm. 
o f  t h e  extreme i n s t a b i l i t y  of the a c i d  c h l o r i d e ,  no a t t empt  v a s  made t o  
o b t a i n  e l emen ta l  ana lyses  o r  phys i ca l  o r  s p e c t r a l  d a t a .  
Because 
During t h e  A i r  Force ( r e f .  6 )  s t u d i e s ,  t h e  a - c y a n o s o r b y l  c h l o r i d e  
was syn thes i zed  i n  63 p e r c e n t  y i e l d  through t h e  r e a c t i o n  of  a -cyanosorb ic  
w i t h  t h i o n y l  c h l o r i d e  i n  benzene f o r  two hour s  a t  a tempera ture  of 68-70°C. 
H H $N - CH3 - b = ! - k = C - COOH + S O C l 2  
H H H C N  
CH3 - k = C - C = C - C O C l  + SO2 + HC1 
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The a c i d  ch lo r ide  was ob ta ined  a s  a yel low o i l ,  b o i l i n g  p o i n t  98-100°C/O.l 
m. The e lementa l  a n a l y s e s  and s p e c t r a l  d a t a  suppor ted  t h e  s t r u c t u r e  of 
t h e  compound a s  be ing  t h e  d e s i r e d  a -cyanosorbyl  c h l o r i d e .  
Analys is :  Calculated f o r  C7H6NOC1: 
Found: C ,  53.76; H, 4 .67 ;  N ,  9 .00 ,  C 1 ,  22.79. 
C y  54.03;  H, 3 .89;  N ,  9 .00 ;  C 1 ,  22.76 
The i n f r a r e d  spectrum of t h e  a c i d  c h l o r i d e  i s  i l l u s t r a t e d  i n  FIG 4 .  
P r e p a r a t i o n  of n-Butyl - a-Cyanosorba te  
Th i s  e s t e r  was prepared  through s e v e r a l  d i f f e r e n t  s y n t h e t i c  t echn iques .  
I t s  s y n t h e s i s  h a s  been d e s c r i b e d  h e r e i n  because i t  i s  a l i q u i d  d e r i v a t i v e  
and one of the p r i m e  c a n d i d a t e s  be ing  cons idered  by t h e  A i r  Force f o r  use  
i n  the  a c t u a l  s e l f - s e a l a n t  system. 
The most e f f i c i e n t  p r e p a r a t i o n  involved t h e  d i r e c t  e s t e r i f i c a t i o n  of  
t he  a c i d  with 2 - b u t y l  a l c o h o l  i n  the  presence  of  c o n c e n t r a t e d  s u l f u r i c  
a c i d .  Add i t iona l ly ,  i t  was found advantageous t o  add a sma l l  amount of  
hydroquinone t o  t h e  r e a c t i o n  mix tu re  a s  an  a n t i o x i d a n t .  During t h e  
course  of the s tudy  of t h e  e s t e r i f i c a t i o n  r e a c t i o n ,  i t  was found t h a t  
t he  concen t r a t ion  of t h e  a c i d  wi th  r e s p e c t  t o  t h e  a l c o h o l  was q u i t e  
c r i t i c a l .  
(w/w), t h e  r e a c t i o n  went t o  complet ion i n  approximate ly  two hour s ,  a s  
evidenced through the  a z e o t r o p i c  s e p a r a t i o n  of  t h e  wa te r  formed i n  the  
r e a c t i o n :  
A t  a n  a c i d  c o n c e n t r a t i o n  of 15 p e r c e n t  i n  t h e  2 - b u t y l  a l c o h o l  
- COOH + - CqHgOH -- - \  
H CN ! = - 6 = 6 - COOC4Hg -I- H 0 
2 
CH3 - 
A t  lower ac id  c o n c e n t r a t i o n s  (5- lo%) ,  t he  e v o l u t i o n  of t h e  w a t e r  of  
r e a c t i o n  was cons ide rab ly  s lower and, i n  most i n s t a n c e s ,  ceased  a f t e r  
o n l y  50 percent  of t he  t h e o r e t i c a l  volume of  wa te r  had been c o l l e c t e d .  
A t  t h i s  f a i r l y  h igh  l e v e l  of a c i d  c o n c e n t r a t i o n ,  t h e  competing s i d e  
r e a c t i o n  of the b imolecular  dehydra t ion  of t he  a l c o h o l  i t s e l f  t o  t he  
cor responding  e t h e r  had t o  be cons ide red :  
It was e s t a b l i s h e d  t h a t  under t h e  c o n d i t i o n s  employed f o r  t h e  
e s t e r i f i c a t i o n  of  t he  a c i d  d e s c r i b e d  below no d e h y d r a t i o n  of  t h e  a l c o h o l  
occur red  when the  r e a c t i o n  was r u n  w i t h o u t  t h e  presence  of t h e  
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a -cyanosorb ic  a c i d .  The f a c t  t h a t  no water  of  r e a c t i o n  was azeo-  
t r o p i c a l l y  c o l l e c t e d  from the  r e f l u x i n g  n - b u t a n o l - s u l f u r i c  a c i d  system 
proved t h a t  no r e a c t i o n  was occurr ing .  
t h i s  was found n o t  t o  be t h e  s i t u a t i o n  when the  e s t e r i f i c a t i o n  was 
e f f e c t e d  wi th  2-amyl a l c o h o l .  
A s  w i l l  be desc r ibed  l a t e r ,  
I n  a t y p i c a l  experiment ,  a -cyanosorb ic  a c i d  was added t o  100 m l  
of anhydrous ;-butanol c o n t a i n i n g  0 .2  g of hydroquinone.  To the  s t i r r e d  
mix tu re ,  8 m l  of concen t r a t ed  s u l f u r i c  a c i d  were s lowly  added. The 
f l a s k  then  was connected t o  a Dean-Stark water  t r a p ,  which was connected 
t o  a F r i e d r i c h  condenser .  The s t i r r e d  mixture  was s lowly  hea ted  t o  
r e f l u x  and main ta ined  a t  t h i s  temperature  f o r  two hour s ;  du r ing  t h i s  t ime,  
3 . 8  m l  of wa te r  c o l l e c t e d  i n  the  Dean-Stark t r a p .  The cooled s o l u t i o n  
was poured i n t o  500 m l  of w a t e r ;  the o rgan ic  l a y e r  was s e p a r a t e d ,  washed 
w i t h  water  u n t i l  the  washings were n e u t r a l  t o  pH paper ,  and then  d r i e d  
over  anhydrous magnesium s u l f a t e  ove rn igh t .  
The mixture  was f i l t e r e d ;  the f i l t e r  cake was washed wi th  anhydrous 
e t h e r ;  and the  combined f i l t r a t e  and washings were concen t r a t ed  i n  vacuo 
t o  g ive  36.3 g (94%) of crude product  l i k e  a brown o i l .  Vacuum d i s t i l -  
l a t i o n  of  t h e  r e s i d u e  a t  101-105°C/0.3 mm a f fo rded  31 .7  g (82%) of t he  
- n-bu ty l  e s t e r  a s  a p a l e  yel low o i l .  
Ana lys i s :  Ca lcu la t ed  f o r  C11H15N02: C y  68.37; H ,  7 .82 ;  N ,  7.25 
Found: C y  67 .44;  H,  7 .74;  N ,  7.01. 
The i n f r a r e d  spectrum of the e s t e r  i s  i l l u s t r a t e d  i n  FIG 5 .  
A second, much l e s s  product ive  method involved the  r e a c t i o n  of 
t h e  sodium s a l t  o f  t h e  a -cyanosorb ic  ac id  wi th  E-buty l  c h l o r o s u l f i t e  
i n  an  a d a p t a t i o n  of Newman's method ( r e f ,  5 )  f o r  t he  p r e p a r a t i o n  of 
b u t y l  e s t e r s .  
H ? v P  0 
CH3 - C = C - C = C - COONa 
H H H C N  
+ C4Hg0 - S - C 1  -->
C H ~  - c = C - C = C - COOC4Hg + NaCl + SO2 
I n  a t y p i c a l  run ,  E -bu ty l  c h l o r o s u l f i t e  (30 g ,  0 .19 mole) was added 
t o  a mixture  of sodium-a-cyanosorbate (15.9 g ,  0 . 1  mole) i n  100 m l  of 
d r y  chlorobenzene.  The s t i r r e d  mixture  was hea ted  s lowly t o  llO°C; a t  
which t i m e  a s t eady  e v o l u t i o n  of s u l f u r  d i o x i d e  began. A t  the end of 
1 . 5  hour s ,  t h e  e v o l u t i o n  of gas had e s s e n t i a l l y  ceased ,  and the  cooled 
r e a c t i o n  mixture  was poured i n t o  100 m l  o f  wa te r .  The emuls i f i ed  system 
was f i l t e r e d  t o  g ive  8 . 2  g o f  regenera ted  a -cyanosorb ic  a c i d ,  me l t ing  
p o i n t  169-172OC. The two-phase f i l t r a t e  was s e p a r a t e d .  The o rgan ic  
l a y e r  was d r i e d  over  anhydrous magnesium s u l f a t e  and then  f i l t e r e d .  
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The f i l t r a t e  was concent ra ted  i n  vacuo, and the  r e s i d u e  was vacuum 
d i s t i l l e d  a t  100-101"C/0.3 mm t o  g ive  7 . 0  g ( 3 6 % )  of the  e s t e r  a s  a 
pa l e  yellow o i l .  
The t h i r d  method t o  be eva lua ted  involved the  r e a c t i o n  of the  
a -cyanosorby l  c h l o r i d e  wi th  2 - b u t y l  a l c o h o l :  
H H CN 
CH3 - = - k = 6 - C O C l  + C4Hg OH 
- k = k - 6 = C - COOC4Hg 
H H H C N  
CH + HC1 
3 
I n  t h i s  r e a c t i o n ,  a -cyanosorbyl  c h l o r i d e  (30.2 g,  0 .19 mole) was 
added dropwise t o  250 ml of r e f l u x i n g  2 - b u t y l  a l c o h o l  a t  a r a t e  s o  a s  
t o  main ta in  a s t eady  e v o l u t i o n  ,of hydrogen c h l o r i d e .  The s o l u t i o n  was 
hea ted  f o r  one hour  a f t e r  the  e v o l u t i o n  of t h e  gas  had ceased .  The 
s o l u t i o n  was concen t r a t ed  under reduced p r e s s u r e  and the  r e s idue  d i s t i l l e d  
-- i n  vacuo a t  100-10S°C/0.3 mm t o  g ive  33.1 g (85%) of t h e  b u t y l  e s t e r  
a s  a yellow o i l .  
During the  s t u d i e s ,  the  A i r  Force ( r e f .  6 )  i n v e s t i g a t e d  s e v e r a l  
methods f o r  t h e  p r e p a r a t i o n  of t h e  b u t y l  e s t e r  of a -cyanosorb ic  a c i d .  
The most product ive  s y n t h e s i s  involved the  d i r e c t  e s t e r i f i c a t i o n  of t he  
ac id  wi th  2-butanol  i n  the  presence of anhydrous hydrogen c h l o r i d e .  
I n  a t y p i c a l  run ,  ;-butanol ( 2 0 6 0  g ,  1 5 . 0 4  moles)  was cooled t o  
2-4°C and s a t u r a t e d  wi th  anhydrous hydrogen c h l o r i d e .  
was added a-cyanosorbic  a c i d  (500 g ,  3 .65  moles) .  The s o l u t i o n  was 
hea ted  t o  r e f l u x  (92°C) and the  butanol -water  azeot rope  allowed t o  
d i s t i l l  from the  r e a c t i o n  system. When no more wa te r  was a z e o t r o p i c a l l y  
c o l l e c t e d ,  the r e a c t i o n  s o l u t i o n  was c h i l l e d  t o  2-4°C and r e - s a t u r a t e d  
wi th  anhydrous hydrogen c h l o r i d e .  The s o l u t i o n  was then  hea ted  t o  r e f l u x ,  
and a d d i t i o n a l  water  of r e a c t i o n  was allowed t o  d i s t i l l  from the  system. 
This  process  was r epea ted  over  a t h r e e  t o  four-day pe r iod  u n t i l  no more 
water  of r e a c t i o n  could be a z e o t r o p i c a l l y  removed from t h e  system. 
To t h i s  s o l u t i o n  
At t h i s  p o i n t ,  the  excess  a l c o h o l  was removed by d i s t i l l a t i o n  and 
the r e s idue  d i s t i l l e d  a t  98-99"C/O. l  mm t o  y i e l d  584.1 g (83%) of e s t e r .  
The i n f r a r e d  spectrum of the  A i r  Force e s t e r  i s  i l l u s t r a t e d  i n  
FIG 6 .  
I n  a similar f a sh ion ,  the  fo l lowing  e s t e r s  of  a -cyanosorb ic  a c i d  
were prepared i n  the s p e c i f i e d  y i e l d s :  m e t h y l - a  -cyanosorba te  (45%)  ; 
e t h y l -  a -cyanosorbate  (26%);  ; - o c t y l - a  -cyanosorba te  (56%) ; 2-ce ty l - a  - 
cyanosorba te  (73% c r u d e ) .  When c a t a l y t i c  amounts of  toluene s u l f o n i c  
ac id  were used i n  one experiment ,  ;- amyl -a -cyanosorba te  was ob ta ined  
i n  29% y i e l d .  
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P r e p a r a t i o n  of 2-Amyl- a -Cyanosorbate 
This  es te r  was prepared  i n  a manner s i m i l a r  t o  t h a t  d e s c r i b e d  
e a r l i e r  f o r  t h e  p r e p a r a t i o n  of  E - b u t y l - a - c y a n o s o r b a t e .  I n  .s tudying 
the  e s t e r i f i c a t i o n  w i t h  ;-amyl a l c o h o l ,  i t  was found t h a t ,  a t  t he  
s u l f u r i c  a c i d  c o n c e n t r a t i o n  employed, b imolecular  dehydra t ion  of  t h e  
a l c o h o l  could take  p l ace  w i t h  t h e  format ion  o f  di-2-amyl e t h e r :  
H2 O 4  + H 0 .  
2 
To a much l e s s e r  e x t e n t ,  i t  was observed through gaseous e v o l u t i o n  
from the  condenser  t h a t  monomolecular dehydra t ion  of the  a l c o h o l  was 
o c c u r r i n g  w i t h  t h e  format ion  of the o l e f i n i c  amylene: 
n-CH CH CH CH==CHz + H20 - 3 2 2  n-C5H11 OH H2S04 
That  t h e s e  two competing s i d e  r e a c t i o n s  were o c c u r r i n g  was e s t a b l i s h e d  
by a l lowing  a s o l u t i o n  of t h e  a c i d i f i e d  =-amyl a l c o h o l  t o  r e f l u x  wh i l e  
connected t o  a Dean-Stark w a t e r  t r a p .  A f t e r  a s h o r t  i n d u c t i o n  pe r iod ,  
t h e  water '  of r e a c t i o n  s t a r t e d  a z e o t r o p i c a l l y  d i s t i l l i n g  i n t o  the  t r a p  
(90%). When no more water  could be  c o l l e c t e d ,  t h e  r e a c t i o n  s o l u t i o n  
was washed t o  n e u t r a l i t y  w i t h  water  and d r i e d  over  anhydrous magnesium 
s u l f a t e ;  t h e  s o l i d  was removed by f i l t r a t i o n ,  and the  f i l t r a t e  was 
f r a c t i o n a t e d .  I n i t i a l l y ,  unreac ted  n-amyl a l c o h o l ,  b o i l i n g  p o i n t  
138-139"C, was c o l l e c t e d  followed by the  di-2-amyl e t h e r ,  which d i s t i l l e d  
a t  182-185°C i n  70% y i e l d ,  l i t e r a t u r e  b o i l i n g  p o i n t  184-186OC ( r e f .  7 ) .  
I n  the  e s t e r f i c a t i o n  w i t h  p - a m y l a l c o h o l ,  i t  was necessa ry  t o  
d i s c o n t i n u e  the  r e a c t i o n  when t h e  t h e o r e t i c a l  volume of wafer  of r e a c t i o n  
had been c o l l e c t e d .  However, i f  t h e  t h e o r e t i c a l  volume of wa te r  was 
exceeded,  no harm was done because the  b o i l i n g  p o i n t  of the di-2-amyl 
e t h e r  i s  cons ide rab ly  below the  b o i l i n g  p o i n t  of  t h e  n-amyl-a-cyano-  
s o r b a t e  and can  be c o l l e c t e d  i n  the f o r e r u n  when t h e  crude e s t e r  i s  
f r a c t i o n a l l y  d i s t i l l e d .  The ac id  p r e f e r e n t i a l l y  e s t e r f i e s  be fo re  
dehydra t ion  of the  a l c o h o l  begins .  
The fo l lowing  procedure d e s c r i b e s  the  p r e p a r a t i o n  of t h e  2-amyl 
e s t e r :  a - cyanosorb ic  a c i d  (27.4 g, 0 . 2  mole) was added t o  250 m l  of 
anhydrous 2-amyl a l c o h o l  which contained 2 g of hydroquinone. To t h e  
s t i r r e d  mixture  was s lowly added 20 m l  of concent ra ted  s u l f u r i c  a c i d .  
The f l a s k  then  was connected t o  a Dean-Stark water  t r a p ,  which was i n  
t u r n  connected t o  a F r i e d r i c h  condenser .  The s t i r r e d  mixture  was hea ted  
s lowly  t o  r e f l u x  and main ta ined  a t  t h i s  temperature  f o r  0 .5  hour ,  a t  
which t i m e  the  t h e o r e t i c a l  volume ( 3 . 6  ml) o f  water  of r e a c t i o n  had been 
c o l l e c t e d .  The r e a c t i o n  s o l u t i o n  was worked a s  desc r ibed  i n  the  prepa-  
r a t i o n  of n - b u t y l - a - c y a n o s o r b a t e  t o  g ive  43 .8  g (95%) of product .  The 
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crude  e s t e r  was f r a c t i o n a l l y  d i s t i l l e d  i n  vacuo, and t h e  e s t e r  was 
c o l l e c t e d  a t  b o i l i n g  p o i n t  111-116"C/0.25 mm . 
of e s t e r  ob ta ined  a s  a pa l e  yellow o i l .  
There were 36.4 g (88%) 
Ana lys i s :  Ca lcu la t ed  f o r  C12Hl7NO2: C y  69.53; H,  8 .27 ;  N ,  6 .76.  
Found: C y  68.01;  H, 8 .02 ;  N ,  7 .01 .  
The i n f r a r e d  spectrum of the  e s t e r  i s  i l l u s t r a t e d  i n  FIG 7.  For 
comparative purposes ,  the  i n f r a r e d  spectrum of the  e s t e r  prepared  by 
the  A i r  Force i s  i l l u s t r a t e d  i n  FIG 8. 
CONCLUSIONS 
The two a r e a s  of i n v e s t i g a t i o n  desc r ibed  h e r e i n  have independent ly  
e s t a b l i s h e d  e f f i c i e n t  and p r a c t i c a l  s y n t h e t i c  methods f o r  t h e  p r e p a r a t i o n  
of a l k y l  es te rs  of a -cyanosorb ic  a c i d  f o r  u l t i m a t e  a p p l i c a t i o n  i n  space-  
o r i e n t e d  programs a s  s e l f - s e a l a n t s .  
The method developed by the  A i r  Force i s  somewhat more time-consuming 
than  the  method developed a t  MSFC; n e v e r t h e l e s s ,  i t  accomplishes  the  
same g o a l  i n  somewhat lower y i e l d s .  
Because o f  t h e  f a i r l y  h igh  degree  of success  i n  s y n t h e s i z i n g  these  
e s t e r s ,  a d d i t i o n a l  e f f o r t  should n o t  be expended i n  t h i s  a r e a  of r e s e a r c h ,  
b u t ,  r a t h e r ,  e f f o r t s  should be d i r e c t e d  toward the  a c t u a l  po lymer i za t ion  
of t he  e s t e r s  t o  h igh  molecular  weight  polymers s u i t a b l e  f o r  f u n c t i o n i n g  
a s  s e l f - s e a l a n t s  i n  a space environment.  
To t h i s  end,  v a r i o u s  o rgan ic  bases  w i l l  have t o  be e v a l u a t e d  a s  
c a t a l y s t s  f o r  t he  a d d i t i o n  polymer iza t ion  r e a c t i o n .  Also,  a d e t a i l e d  
s tudy  should be made of  t he  e f f e c t  of tempera ture  on the  r a t e  of t he  
polymer iza t ion  r e a c t i o n s .  It i s  hoped t h a t  t h e  r e s u l t s  of th i s  s e v e r a l -  
phase s tudy  w i l l  p rovide  a n  a c c e p t a b l e  s e l f - s e a l a n t  system capab le  of 
f u n c t i o n i n g  i n  i t s  intended environment .  
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